Introduction {#sec1}
============

Chronic obstructive pulmonary disease (COPD) is an inflammatory disease of the airways caused by inhalation of toxic substances, among others -- in cigarette smokers, and in workers of the chemical industry \[[@cit0001]\]. It is assumed that COPD is associated with a wide range of consequences, in particular systemic inflammation \[[@cit0002]\].

The intensity of inflammation may be related to the severity of the disease influencing the degree of airway obstruction. The obstruction of the airways is assessed by spirometry, and its intensity is defined as the percentage of predicted value of forced expired volume in one second (FEV1). Nevertheless, FEV1 does not sufficiently represent the complexity of this disease \[[@cit0003]\].

In spite of intensive multidirectional studies on the pathogenesis and natural course of COPD, optimal assessment of the clinical course of disease in individual patients has not been determined. The state of systemic inflammation in obstructive lung diseases remains unknown.

A number of cytokines involved in the pathogenesis of bronchial asthma and COPD have been described. An important element of the characteristics of COPD is a proper assessment of the immune mechanisms involved in the non-specific and specific response to ongoing inflammation. Elevated levels of circulating immune complexes (CIC) are associated with chronic inflammation, neoplasm, autoimmune disorders, and allergic reaction \[[@cit0004], [@cit0005]\], and they may reflect the specific humoral activation of the immune system.

Other indicators of inflammation, characterised by low specificity for aetiological agents, are acute phase proteins, among others -- C-reactive protein (CRP). CRP is synthesised in the liver and is an accepted early marker of inflammation \[[@cit0006]\]. Increased serum CRP is associated with impaired lung function and poor prognosis in COPD patients \[[@cit0007], [@cit0008]\].

The numbers and subtypes of white blood cells (WBCs) are also well-known systemic non-specific cellular markers of inflammation. The ratio of neutrophils to lymphocytes (NLR), counted from the total number of blood cells, is an inexpensive, commonly available, general marker of inflammation. The usefulness of NLR has been demonstrated in the risk assessment of cardiovascular diseases, many types of solid tumours, sepsis, and infectious diseases \[[@cit0001], [@cit0009], [@cit0010]\].

The ratio of the absolute number of platelets to the absolute number of lymphocytes, referred to as the PLR, is used to assess not only the humoral response, but also the coagulation process. It is therefore a useful parameter in assessing the overall response to inflammation and neoplasm \[[@cit0011]\].

Lung diseases (primarily COPD) are the fourth cause of death in Poland \[[@cit0012]\], so research concerning their pathogenesis, prophylaxis, and treatment is justified.

The aims of the study were:

1.  Evaluation of the levels of selected inflammatory parameters in patients with obstructive pulmonary diseases, compared to the healthy population.

2.  Evaluation of the predictive value of NLR and PLR in patients with chronic obstructive pulmonary disease.

3.  An attempt to investigate the usefulness of CRP/CIC index in the assessment of inflammation in obstructive lung diseases.

Material and methods {#sec2}
====================

The study group consisted of 49 patients with obstructive lung diseases, hospitalised in the Department of Pulmonary Diseases and Tuberculosis of the Kuyavian-Pomeranian Pulmonology Centre in Bydgoszcz. Thirty-four patients were diagnosed with COPD, 10 with bronchial asthma, and five with asthma-COPD overlap. Chronic obstructive pulmonary disease was diagnosed on the basis of clinical criteria with confirmation of irreversible obstruction in a functional test based on the GOLD 2016 guidelines \[[@cit0013]\]. Bronchial asthma was diagnosed on the basis of clinical criteria and confirmation in functional studies of reversible obstruction or its variability based on the GINA 2016 guidelines \[[@cit0014]\]. Bronchial asthma overlap with COPD was diagnosed in the patients with symptoms of asthma and established bronchial obstruction typical of COPD.

Smokers accounted for 66% and non-smokers (including those who stopped smoking 20 years ago and more) -- 34% of the examined population.

The examined group of patients with stable COPD were divided into two subgroups, taking into account the severity of the disease according to GOLD. The first subgroup included patients with mild to moderate disease (severity of clinical symptoms in mRC scale, number of exacerbations/hospitalisations, and degree of obstruction in spirometry) -- stage B; and a subgroup with moderately severe and severe COPD -- stage D \[[@cit0002]\]. There were no statistically significant differences between COPD, asthma, and asthma-COPD overlap groups concerning the age, sex, and smoking ([Table 1](#t0001){ref-type="table"}).

###### 

Characteristics of the study group

  Characteristic                                 COPD               Asthma             Asthma-COPD overlap   *p*
  ---------------------------------------------- ------------------ ------------------ --------------------- ------
  Subjects                                       35                 9                  5                     
  Age, years (medians \[interquartile range\])   69.0 (66.0-80.0)   66.0 (62.0-68.0)   69.0 (66.0-67.0)      0.11
  Sex, *n*                                                                                                   0.39
   male                                          20 (57.1%)         3 (33.3%)          2 (40.0%)             
   female                                        15                 6                  3                     
  Smoking, *n*                                                                                               0.31
   current smoker                                25 (71.4%)         4 (44.4%)          3 (60.0%)             
   ex-smoker                                     10                 5                  2                     
  Stadium of COPD, *n*                                                                                       1.00
   B                                             21 (60.0%)                            3 (60.0%)             
   D                                             14                                    2                     

COPD -- chronic obstructive pulmonary disease

The control group consisted of 30 healthy persons aged 19 to 69 years. The control group did not differ significantly from the examined group in terms of sex distribution (women accounted for 55%, men 45%), place of residence (residence in the city was dominating -- 64% vs. 36%), and marital status (married -- 78%; divorced -- 6%; and unmarried -- 16%).

The analysed material was serum obtained from venous blood. Levels of immunological complexes were determined by the method of Hasková *et al.* \[[@cit0015]\]. 0.3 ml of 0.1 molar borate buffer pH 8.4 and 4.05 ml of 4.17% PEG 6000 solution in the same buffer were added to 0.15 ml of the test serum. The extinction value of the solutions was tested at 450 nm. The reading was carried out after a one-hour incubation at room temperature. The reference sample was a mixture of PEG and borate buffer. The concentration of CRP in serum was determined by the standard immunoturbidimetric method. The morphology blood cell counts were determined using a Sysmex XT1800i analyser. White blood cell subpopulations were evaluated using the above apparatus. From the percentage value of neutrophils and lymphocytes and the number of WBC, the absolute numbers of these fractions were calculated. The NLR was calculated as the ratio of the absolute neutrophil count to the absolute lymphocyte number, and the PLR as the ratio of absolute platelet count to absolute lymphocyte number.

The applied statistical methods took into account the fact that the values of CRP, CIC, and age variables turned out to be significantly different from the normal distribution. Non-parametric analyses were used in the study, and the values of quartiles are given in the text (medians with a quartile compartment designated by the lower and upper quartiles). The Mann-Whitney test was used to compare the medians in the independent groups. Correlations between variables were examined using the Spearman's rank correlation coefficient. For categorical variables, the χ^2^ independence test and the test comparing the structure index for the sample with the known structure index for the population were used. The results were considered statistically significant for the probability value *p* \< 0.05.

The tests were approved by the Bioethical Commission at the Nicolaus Copernicus University in Torun, *Collegium Medicum* in Bydgoszcz, number: KB 3354/2017.

Results {#sec3}
=======

The study group was divided according to age (up to 70 years and over 70 years), gender, smoking, clinical diagnosis, and the stage of COPD according to GOLD. The results of absolute neutrophils are presented in [Table 2](#t0002){ref-type="table"}, absolute lymphocytes in [Table 3](#t0003){ref-type="table"}, NLR in [Table 4](#t0004){ref-type="table"}, PLR in [Table 5](#t0005){ref-type="table"}, and platelets in [Table 6](#t0006){ref-type="table"}. Median neutrophil values did not depend on age, smoking, diagnosis, and stage of disease according to GOLD. Among men, there was a significant tendency towards higher values of neutrophilic level. Median lymphocytes, NLR, and PLR did not differ significantly among the studied demographic factors. When analysing platelet values, there was a statistically significant trend towards higher platelet counts among women (this is not true -- [Table 6](#t0006){ref-type="table"} shows higher platelet values in men). Platelet values did not differ among the other groups.

###### 

The influence of demographic factors on the level of absolute neutrophils

  Characteristic                             Absolute neutrophils (× 10^3^/µl)   *p*
  ------------------------------------------ ----------------------------------- ------
  Age                                                                            0.27
   up to 70 years (inclusive) (*n* = 31)     7.10 (4.90, 3.42)                   
   over 70 years (*n* = 18)                  8.10 (6.10, 10.10)                  
  Gender                                                                         0.05
   female (*n* = 24)                         6.30 (4.70, 8.40)                   
   male (*n* = 25)                           8.00 (6.70, 10.30)                  
  Smoking                                                                        0.58
   smokers (*n* = 32)                        7.10 (5.20, 8.60)                   
   non-smokers (*n* = 17)                    8.10 (5.60, 10.20)                  
  Diagnosis                                                                      0.07
   bronchial asthma (*n* = 10)               5.60 (4.60, 8.10)                   
   bronchial asthma-COPD + COPD (*n* = 39)   7.90 (5.60, 10.10)                  
  GOLD severity                                                                  0.40
   D (*n* = 16)                              7.30 (5.05, 8.35)                   
   B (*n* = 23)                              8.00 (5.60, 10.20)                  

COPD -- chronic obstructive pulmonary disease, GOLD -- Global Initiative for Chronic Obstructive Lung Disease

###### 

The influence of demographic factors on the level of absolute lymphocytes

  Characteristic                             Absolute lymphocytes (× 10^3^/µl)   p
  ------------------------------------------ ----------------------------------- ------
  Age                                                                            0.81
   up to 70 years (inclusive) (*n* = 31)     1.30 (0.90, 1.80)                   
   over 70 years (*n* = 18)                  1.00 (0.70, 2.10)                   
  Gender                                                                         0.88
   female (*n* = 24)                         1.30 (0.85, 1.81)                   
   male (*n* = 25)                           1.30 (0.80, 1.90)                   
  Smoking                                                                        0.30
   smokers (*n* = 32)                        1.35 (1.00, 1.90)                   
   non-smokers (*n* = 17)                    0.90 (0.80, 1.80)                   
  Diagnosis                                                                      0.53
   bronchial asthma (*n* = 10)               1.25 (0.90, 1.70)                   
   bronchial asthma-COPD + COPD (*n* = 39)   1.30 (0.80, 2.00)                   
  GOLD                                                                           0.25
   D (*n* = 16)                              1.55 (1.25, 1.95)                   
   B (*n* = 23)                              1.20 (0.70, 1.90)                   

COPD -- chronic obstructive pulmonary disease, GOLD -- Global Initiative for Chronic Obstructive Lung Disease

###### 

The influence of demographic factors on the level of neutrophil/lymphocyte ratio

  Characteristic                             Neutrophil/lymphocyte   p
  ------------------------------------------ ----------------------- ------
  Age                                                                0.58
   up to 70 years (inclusive) (*n* = 31)     4.80 (3.50, 6.60)       
   over 70 years (*n* = 18)                  6.65 (3.00, 11.80)      
  Gender                                                             0.46
   female (*n* = 24)                         4.70 (2.90, 11.15)      
   male (*n* = 25)                           6.10 (3.80, 9.80)       
  Smoking                                                            0.39
   smokers (*n* = 32)                        5.00 (2.95, 8.20)       
   non-smokers (*n* = 17)                    5.00 (4.00, 11.80)      
  Diagnosis                                                          0.59
   bronchial asthma (*n* = 10)               4.75 (3.00, 6.40)       
   bronchial asthma-COPD + COPD (*n* = 39)   5.40 (3.10, 11.70)      
  GOLD                                                               0.28
   D (*n* = 16)                              4.75 (3.05, 6.50)       
   B (*n* = 23)                              5.40 (3.10, 11.80)      

COPD -- chronic obstructive pulmonary disease, GOLD -- Global Initiative for Chronic Obstructive Lung Disease

###### 

The influence of demographic factors on the level of platelet/lymphocyte ratio

  Characteristic                             Platelet/lymphocyte    p
  ------------------------------------------ ---------------------- ------
  Age                                                               0.63
   up to 70 years (inclusive) (*n* = 31)     17.6 (11.50, 26.40)    
   over 70 years (*n* = 18)                  25.00 (11.10, 43.10)   
  Gender                                                            0.32
   female (*n* = 24)                         17.15 (11.40, 25.25)   
   male (*n* = 25)                           20.40 (12.20, 38.20)   
  Smoking                                                           0.65
   smokers (*n* = 32)                        18.60 (11.50, 28.30)   
   non-smokers (*n* = 17)                    19.80 (11.20, 47.80)   
  Diagnosis                                                         0.23
   bronchial asthma (*n* = 10)               13.65 (10.30, 24.10)   
   bronchial asthma-COPD + COPD (*n* = 39)   20.40 (12.20, 30.50)   
  GOLD                                                              0.23
   D (*n* = 16)                              17.65 (12.20, .85)     
   B (*n* = 23)                              24.80 (11.50, 47.80)   

COPD -- chronic obstructive pulmonary disease, GOLD -- Global Initiative for Chronic Obstructive Lung Disease

###### 

The influence of demographic factors on the level of absolute platelets

  Characteristic                             Absolute platelets (× 10^3^/µl)   *p*
  ------------------------------------------ --------------------------------- ------
  Age                                                                          0.83
   up to 70 years (inclusive) (*n* = 31)     237.6 (178.6, 289.2)              
   over 70 years (*n* = 18)                  220.3 (180.9, 355.2)              
  Gender                                                                       0.05
   female (*n* = 24)                         202.5 (163.3, 273.7)              
   male (*n* = 25)                           254.8 (198.0, 421.6)              
  Smoking                                                                      0.70
   smokers (*n* = 32)                        223.2 (179.8, 279.9)              
   non-smokers (*n* = 17)                    239.0 (198.0, 355.2)              
  Diagnosis                                                                    0.11
   bronchial asthma (*n* = 10)               195.9 (149.5, 275.0)              
   bronchial asthma-COPD + COPD (*n* = 39)   244.0 (189.0, 364.0)              
  GOLD                                                                         0.64
   D (*n* = 16)                              209.4 (182.4, 330.6)              
   B (*n* = 23)                              244.0 (180.9, 355.2)              

COPD -- chronic obstructive pulmonary disease, GOLD -- Global Initiative for Chronic Obstructive Lung Disease

The examined parameters (neutrophils, lymphocytes, platelets, NLR, PLR, CRP, CIC, and CRP/CIC index) were compared in the study and control group ([Table 7](#t0007){ref-type="table"}). It was shown that all results were significantly different. In the study group, the median neutrophils and platelets were found to be significantly higher than in the control group. Consequently, median NLR and PLR were significantly higher. Among people with obstructive diseases, significantly higher median values were found for both CRP and CIC compared to those in the control group.

###### 

The comparison of selected inflammatory parameters (humoral and cellular) in patients with chronic obstructive pulmonary disease and in the control group

  Variable                Obstructive diseases (*n* = 49)   Control group (*n* = 30)   *p*
  ----------------------- --------------------------------- -------------------------- ----------
  Absolute neutrophils    7.90 (5.60, 10.10)                2.9 (2.3, 3.8)             \< 0.001
  Absolute lymphocytes    1.3 (0.8, 1.8)                    1.9 (1.5, 2.2)             \< 0.001
  Absolute platelets      238.0 (181.0, 289.0)              119.0 (99.0, 144.0)        \< 0.001
  Neutrophil/lymphocyte   5.0 (3.1, 10.6)                   1.7 (1.1, 2.0)             \< 0.001
  Platelet/lymphocyte     19.6 (11.5, 30.3)                 64.0 (55.0, 93.0)          \< 0.001
  CRP                     8.0 (2.2, 34.0)                   0.7 (0.2, 1.3)             \< 0.001
  CIC                     0.31 (0.26, 0.36)                 0.14 (0.11, 0.17)          \< 0.001
  CRP/CIC                 34.0 (7.4, 102.4)                 6.0 (1.0, 13.0)            \< 0.001

CRP -- C-reactive protein, CIC -- circulating immune complexes

The studied parameters were analysed in subgroups B and D of COPD patients ([Table 8](#t0008){ref-type="table"}).

###### 

The comparison of inflammatory parameters (humoral and cellular) in the two groups in COPD divided by the severity of the disease

  Variable                Group B COPD (*n* = 23)   Group D COPD (*n* = 16)   *p*
  ----------------------- ------------------------- ------------------------- ------
  Absolute neutrophils    8.0 (5.6, 10.2)           7.3 (5.1, 8.4)            0.40
  Absolute lymphocytes    1.2 (0.7, 1.9)            1.6 (1.3, 1.9)            0.25
  Absolute platelets      244.0 (180.9, 355.2)      209.0 (182.0, 331.0)      0.65
  Neutrophil/lymphocyte   5.40 (3.10, 11.80)        4.7 (3.1, 6.5)            0.27
  Platelet/lymphocyte     24.8 (11.5, 47.8)         17.7 (12.2, 24.9)         0.23
  CRP                     6.9 (1.7, 26.0)           11.6 (3.6, 35.0)          0.56
  CIC                     0.32 (0.26, 0.36)         0.32 (0.26, 0.41)         0.84
  CRP/CIC                 27.3 (5.8, 102.4)         36.1 (12.6, 56.9)         0.56

COPD -- chronic obstructive pulmonary disease, CRP -- C-reactive protein, CIC -- circulating immune complexes

The values of the CRP/CIC index were higher in the group of patients with COPD stage D comparing to stage B ([Fig. 1](#f0001){ref-type="fig"}). On the other hand, the values of NLR and PLR were slightly lower in COPD stage D, compared to stage B ([Fig. 2](#f0002){ref-type="fig"} and [3](#f0003){ref-type="fig"}). The results in both compared groups did not differ statistically.

![Median values of CRP/CIC index in the study group and control group](CEJI-44-87498-g001){#f0001}

![Median values of neutrophil/lymphocyte ratio in the study group and control group](CEJI-44-87498-g002){#f0002}

![Median values of platelet/lymphocyte ratio in the study group and control group](CEJI-44-87498-g003){#f0003}

Discussion {#sec4}
==========

Research conducted in recent years suggests the systemic nature of both acute and chronic diseases. Chronic obstructive pulmonary disease, according to current knowledge, belongs to such systemic pathologies. The inflammatory process underlying this disease influences not only the alveoli and the bronchi, but also the respiratory muscles (leading to their atrophy), endothelial cells (increasing the risk of cardiovascular disease), and cartilage-bone tissue (hence the greater tendency of osteoporosis among patients with COPD). There is evidence that systemic effects can significantly modify the activity of local inflammation \[[@cit0016]\].

Looking for the relationship between systemic inflammation and local inflammation in the lungs, we analysed a number of factors. We investigated nonspecific and specific humoral mechanisms, with special respect paid to the role of CRP/CIC index.

The CRP/CIC index in healthy people is a reflection of the dynamic balance between nonspecific and specific humoral response. In our study among patients with obstructive lung diseases, this value exceeded by six-fold the value obtained in the control group. In COPD stage B, the CRP/CIC index was slightly lower compared to COPD stage D. This was caused probably by the presence of higher CRP value in COPD stage D compared to B because the CIC values in the above-mentioned groups were comparable.

The dominant immune mechanism in COPD is the response associated with inflammatory nonspecific reactions. Similar results were presented in papers of other authors \[[@cit0002], [@cit0007], [@cit0017]\]. Consequently, systemic clinical signs of inflammation are observed (e.g. increased risk of cardiovascular disease, cachexia, skeletal muscle atrophy, osteoporosis, depression, and anaemia) \[[@cit0011], [@cit0018]\].

In our further studies, we attempted to characterise cellular components of inflammation among patients with obstructive lung diseases. An example of this is the NLR. The entire study group was characterised by a median NLR three times higher than that of the controls. This index was almost identical in the whole group of obstructive diseases as in the mild stage of COPD (5.4), while in the more advanced COPD stage it was slightly lower (4.75).

Other authors, Lee *et al.* \[[@cit0003]\], Halper-Stromberg *et al.* \[[@cit0019]\], and Sakuri *et al.* \[[@cit0020]\], showed that the NLR values were higher in COPD compared to the control and positively correlated with the severity of the disease. Our results differ in the most severe stage of the disease, and this may be related to the appearance of a specific response related to the chronicity of the disease. In general, nonspecific cellular responses predominate in mechanisms associated with COPD. However, in advanced, long-lasting COPD these mechanisms may become more specific.

Another explanation for differences of inflammatory pattern in different COPD stages may be the lack of symptoms of systemic inflammation in favour of local inflammatory reactions \[[@cit0016]\].

Obstructive diseases belong to the group of chronic diseases. The consequence of chronicity of the disease may be the dominance of immunological specific processes. Specific mechanisms require time and repeated antigenic stimulation. During stimulation, the antigen presentation takes place, and the Th lymphocytes are stimulated and differentiated into the Th1 and Th2 subtypes. Both antigens of microorganisms (exogenous and those that constitute the endogenous flora of the patient) and native antigenic forms, such as various proteins, haptens, etc., may be involved \[[@cit0021]\].

In the current literature, the usefulness of the PLR was assessed. Its predictive value of death in acute coronary syndromes and adverse events after angioplasty with stents covered with antimitotic medication was suggested. PLR may also reflect the severity of obstructive sleep apnoea and hypertension \[[@cit0022]-[@cit0025]\]. We have shown that the median value of PLR was 3.5-times higher in the entire study group (20.4) compared to the controls (6.4). This index is higher in mild forms of COPD (24.8), but in stage D it is slightly lower (17.65). The PLR may be evidence that the severity (chronic) of the disease is triggered by mechanisms related to the specific response.

Conclusions {#sec5}
===========

The values of the analysed biochemical, immunological, and morphological parameters (with the exception of absolute lymphocyte number) were significantly higher in patients with obstructive diseases compared to healthy controls.

The NLR and PLR did not significantly differentiate subgroups B and D of patients with COPD; however, there was a tendency for slightly lower values in stage D, which seems to be related to higher absolute lymphocyte number in chronic stages of the disease.

CRP/CIC was slightly higher in COPD stage D compared to stage B, possibly due to higher CRP in group D. Based on our results, we suggest that the role of non-specific inflammatory mechanisms may increase in more advanced COPD stages (D) compared to less advanced stages (B).
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